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(54) Robot and robot hand

(67) A robot includes a robot arm. A robot hand is
disposed at a distal end of the robot arm and grips an
object. The robot hand includes an air chuck device in-
cluding a pair of pistons and an air cylinder. The air cyl-
inder opens and closes the pistons in parallel to one an-
other. A pair of first gripping members are disposed at a
first side of the pistons and move close to and apart from
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one another within a first movable range on a movable
plane. A pair of second gripping members are disposed
at a second side of the pistons and move close to and
apart from one another within a second movable range
different from the first movable range on the movable
plane. The robot hand pivots relative to the distal end of
the robot arm about a pivot axis approximately perpen-
dicular to the movable plane.
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Description
BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] The present invention relates to a robot and a
robot hand.

DISCUSSION OF THE BACKGROUND

[0002] Japanese Examined Utility Model Registration
Application Publication No. 1996-10523 discloses a ro-
bot hand disposed at a distal end of a robot arm to grip
an object. The robot hand (gripper) includes two gripping
members and an electric motor. The two gripping mem-
bers are movable close to and apart from one another.
The electric motor drives the gripping members.

[0003] Generally, cables associated with the driving of
the robot hand are wired inside the robot arm for both
workability and appearance reasons. Unfortunately, the
conventional practice to use an electric motor for driving
the gripping members requires an additional space in the
robot hand dedicated to the electric motor. Additionally,
the power cables of electric motors are thick, and this
makes it difficult to make robot arms thin and inhibits
downsizing of robots.

[0004] In view of this, it is contemplated to use an air
cylinder instead of the electric motor to drive the gripping
members. This eliminates the need for a space dedicated
to the electric motor. Additionally, the pneumatic tubes
through which to supply compressed air are thin com-
pared with the power cables for electric motors, and this
addresses the above-described circumstances. Unfortu-
nately, as opposed to the use of an electric motor, the
use of an air cylinder to drive the gripping members gen-
erally involves opening of the two gripping members to
their maximum movable range in order to open the hand.
When the gripping members are set to move over a wide
movable range so as to grip a large sized object, the
gripping members are opened widely in order to open
the hand. Depending on the working environment, the
gripping members may come into contact with the sur-
rounding equipment, causing damage or other occur-
rences. This may be addressed by setting the movable
range of the gripping members narrow, but only results
in the gripping members being able to grip limited, small
objects. Thus, pneumatic driving of robot hands requires
them to specifically correspond to the working environ-
ment and the size of the object to be gripped, and this
makes the pneumatic driving difficult to use in versatile
applications.

[0005] The present invention has been made in view
of the above-described circumstances, and itis an object
of the presentinvention to provide a downsized robot and
a downsized robot hand for use in versatile applications.
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SUMMARY OF THE INVENTION

[0006] According to one aspect of the present inven-
tion, a robot includes a robot arm and a robot hand. The
robot hand is disposed at a distal end of the robot arm
and configured to grip an object. The robot hand includes
an air chuck device, a pair of first gripping members, and
a pair of second gripping members. The air chuck device
includes a pair of pistons and an air cylinder. The pair of
pistons each include a first side and a second side. The
air cylinder is configured to open and close the pair of
pistons in parallel to one another. The pair of first gripping
members are disposed at the first side of the pair of pis-
tons and configured to move close to and apart from one
another within a first movable range on a movable plane.
The pair of second gripping members are disposed at
the second side of the pair of pistons and configured to
move close to and apart from one another within asecond
movable range different from the first movable range on
the movable plane. The robot hand is configured to pivot
relative to the distal end of the robot arm about a pivot
axis approximately perpendicular to the movable plane.
[0007] According to another aspect of the present in-
vention, arobot hand is pivotably disposed at a distal end
of a robot arm so as to grip an object. The robot hand
includes an air chuck device, a pair of first gripping mem-
bers, and a pair of second gripping members. The air
chuckdeviceincludes a pair of pistons and an air cylinder.
The pair of pistons each include a first side and a second
side. The air cylinder is configured to open and close the
pair of pistons in parallel to one another. The pair of first
gripping members are disposed at the first side of the
pair of pistons and configured to move close to and apart
from one another within a first movable range. The pair
of second gripping members are disposed at the second
side of the pair of pistons and configured to move close
to and apart from one another within a second movable
range different from the first movable range.

[0008] The embodiments ensure a downsized robot
and a downsized robot hand for use in versatile applica-
tions.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] A more complete appreciation of the invention
and many of the attendant advantages thereof will be
readily obtained as the same becomes better understood
by reference to the following detailed description when
considered in connection with the accompanying draw-
ings, wherein:

FIG. 1 is a diagram schematically illustrating a ro-
botic system according to an embodiment;

FIGs. 2A and 2B are respectively a top view and a
side view of a microplate;

FIGs. 3A and 3B are respectively a front view and a
top view of a robot;

FIG. 4 is an enlarged perspective view of a hand of
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an arm;
FIG. 5 is a bottom view of the hand;

FIGs. 6A, 6B, and 6C are respectively an enlarged
side view, an enlarged top view, and an enlarged
bottom view of a contact member disposed at a distal
end of a longer side gripping member;

FIG. 7Ais a cross-sectional view of the contact mem-
ber taken along the line VIIA-VIIA of FIG. 6A, and
FIG. 7Bis a cross-sectional view of the contact mem-
ber taken along the line VIIB-VIIB of FIG. 6A; and
FIG. 8 is an enlarged perspective view of the hand
ofthe arm according to a modification where adevice
is disposed on a mounting plate.

DESCRIPTION OF THE EMBODIMENTS

[0010] The embodiments will now be described with
reference to the accompanying drawings, wherein like
reference numerals designate corresponding or identical
elements throughout the various drawings.

[0011] Asshownin FIG. 1, a robotic system 1 accord-
ing to this embodiment includes a robot 100 and a robot
controller 200, which controls the operation of the robot
100. The robot 100 and the robot controller 200 are com-
municatively coupled to one another through a cable 2
(or the robot 100 and the robot controller 200 may be
wirelessly coupled to one another). A robot controller may
be disposed at the robot 100 side.

[0012] The robot 100 is a dual arm robot, which in-
cludes a base 101, a body 102, and two arms 103L and
103R (robot arms). At each distal end of the arms 103L
and 103R, a hand 120 (robot hand) is pivotably disposed
that grips a microplate 3 (object). The hand 120 may be
disposed at only the distal end of one of the arms 103L
and 103R (for example, the arm 103L).

[0013] As shown in FIGs. 2A and 2B, the microplate 3
has an approximately rectangular shape in top view. The
microplate 3 includes a main body 3a and a lid 3b remov-
ably disposed on the top surface side of the main body
3a. The main body 3a includes, over its top surface, a
matrix of wells 4 (96 wells in this embodiment), into which
solution samples are to be injected.

[0014] As shown in FIGs. 3A and 3B, the base 101 of
the robot 100 is secured to an installation surface (such
as a floor) with anchor bolts (not shown) or other securing
members.

[0015] The body 102 includes a first joint including a
first actuator Ac1. The first actuator Ac1 pivotably drives
the body 102 about a first pivot axis Ax1, which is ap-
proximately perpendicular to the installation surface. The
body 102 is coupled to the base 101 via the first joint
pivotably about the first pivot axis Ax1. The body 102
supports the arms 103L and 103R respectively at one
side and another side of the body 102. The first actuator
Ac1 drives the body 102 to pivot about the first pivot axis
Ax1 so as to rotate the entire arms 103L and 103R.
[0016] The arm 103L includes a shoulder 104L, an up-
perarm A 105L, an upper arm B 106L, a lower arm 107L,
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awrist A 108L, awristB 109L, aflange 110L, and second
to eighth joints. The second joint includes a second ac-
tuator Ac2 to pivotably drive the shoulder 104L. The third
joint includes a third actuator Ac3 to pivotably drive the
upper arm A 105L. The fourth joint includes a fourth ac-
tuator Ac4 to pivotably drive the upper arm B 106L. The
fifth joint includes a fifth actuator Ac5 to pivotably drive
the lower arm 107L. The sixth joint includes a sixth ac-
tuator Ac6 to pivotably drive the wrist A 108L. The sev-
enth joint includes a seventh actuator Ac7 to pivotably
drive the wrist B 109L. The eighth joint includes an eighth
actuator Ac8 to pivotably drive the flange 110L.

[0017] The shoulder 104L is pivotably coupled to the
body 102 via the second joint. The shoulder 104L is driv-
en by the second actuator Ac2, which is disposed in the
second joint, to pivot about the second pivot axis Ax2,
which is approximately parallel to the installation surface.
Theupperarm A 105L is rotatably coupled to the shoulder
104L via the third joint. The upper arm A 105L is driven
by the third actuator Ac3, which is disposed in the third
joint, to rotate about the third pivot axis Ax3, which is
approximately perpendicular to the second pivot axis
Ax2. The upper arm B 106L is pivotably coupled to the
upper arm A 105L via the fourth joint. The upper arm B
106L is driven by the fourth actuator Ac4, which is dis-
posed in the fourth joint, to pivot about the fourth pivot
axis Ax4, which is approximately perpendicular to the
third pivot axis Ax3. The lower arm 107L is rotatably cou-
pled to the upper arm B 106L via the fifth joint. The lower
arm 107L is driven by the fifth actuator Ac5, which is
disposed in the fifth joint, to rotate about the fifth pivot
axis Ax5, which is approximately perpendicular to the
fourth pivot axis Ax4. The wrist A 108L is pivotably cou-
pled to the lower arm 107L via the sixth joint. The wrist
A 108L is driven by the sixth actuator Ac6, which is dis-
posed in the sixth joint, to pivot about the sixth pivot axis
Ax6, which is approximately perpendicular to the fifth piv-
ot axis Ax5. The wrist B 109L is rotatably coupled to the
wrist A 108L via the seventh joint. The wrist B 109L is
driven by the seventh actuator Ac7, which is disposed in
the seventh joint, to rotate about the seventh pivot axis
Ax7, which is approximately perpendicular to the sixth
pivot axis Ax6. The flange 110L is pivotably coupled to
the wrist B 109L via the eighth joint. The flange 110L is
driven by the eighth actuator Ac8, which is disposed in
the eighth joint, to pivot about the eighth pivot axis Ax8,
which is approximately perpendicular to the seventh pivot
axis Ax7.

[0018] The hand 120 is disposed at a distal end of the
flange 110L (that is, at the distal end of the arm 103L).
The hand 120 at the distal end of the flange 110L pivots
about the eighth pivot axis Ax8 in conjunction with the
pivotal movement of the flange 110L about the eighth
pivot axis Ax8.

[0019] The arm 103R has a similar structure to the
structure of the arm 103L. Specifically, the arm 103R
includes a shoulder 104R, an upper arm A 105R, an up-
per arm B 106R, a lower arm 107R, a wrist A 108R, a
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wrist B 109R, a flange 11 OR, and ninth to fifteenth joints.
The ninth joint includes a ninth actuator Ac9 to pivotably
drive the shoulder 104R. The tenth joint includes a tenth
actuator Ac10 to pivotably drive the upper arm A 105R.
The eleventh joint includes an eleventh actuator Ac11 to
pivotably drive the upper arm B 106R. The twelfth joint
includes a twelfth actuator Ac12 to pivotably drive the
lower arm 107R. The thirteenth joint includes a thirteenth
actuator Ac13 to pivotably drive the wrist A 108R. The
fourteenth joint includes a fourteenth actuator Ac14 to
pivotably drive the wrist B 109R. The fifteenth joint in-
cludes a fifteenth actuator Ac15 to pivotably drive the
flange 110R.

[0020] The shoulder 104R is pivotably coupled to the
body 102 via the ninth joint. The shoulder 104R is driven
by the ninth actuator Ac9, which is disposed in the ninth
joint, to pivot about the ninth pivot axis Ax9, which is
approximately parallel to the installation surface. The up-
perarm A 105R is rotatably coupled to the shoulder 104R
via the tenth joint. The upper arm A 105R is driven by
the tenth actuator Ac 10, which is disposed in the tenth
joint, to rotate about the tenth pivot axis Ax10, which is
approximately perpendicular to the ninth pivot axis Ax9.
The upper arm B 106R is pivotably coupled to the upper
arm A 105R via the eleventh joint. The upper arm B 106R
is driven by the eleventh actuator Ac11, which s disposed
in the eleventh joint, to pivot about the eleventh pivot axis
Ax11, which is approximately perpendicular to the tenth
pivot axis Ax10. The lower arm 107R is rotatably coupled
to the upper arm B 106R via the twelfth joint. The lower
arm 107R is driven by the twelfth actuator Ac12, which
is disposed in the twelfth joint, to rotate about the twelfth
pivot axis Ax12, which is approximately perpendicular to
the eleventh pivot axis Ax11. The wrist A 108R is pivot-
ably coupled to the lower arm 107R via the thirteenth
joint. The wrist A 108R is driven by the thirteenth actuator
Ac13, which is disposed in the thirteenth joint, to pivot
about the thirteenth pivot axis Ax13, which is approxi-
mately perpendicular to the twelfth pivot axis Ax12. The
wrist B 109R is rotatably coupled to the wrist A 108R via
the fourteenth joint. The wrist B 109R is driven by the
fourteenth actuator Ac 14, which is disposed in the four-
teenth joint, to turn about the fourteenth pivot axis Ax14,
which is approximately perpendicular to the thirteenth
pivot axis Ax13. The flange 110R is pivotably coupled to
the wrist B 109R via the fifteenth joint. The flange 110R
is driven by the fifteenth actuator Ac15, which is disposed
in the fifteenth joint, to pivot about the fifteenth pivot axis
Ax15, which is approximately perpendicular to the four-
teenth pivot axis Ax14.

[0021] The hand 120 is disposed at a distal end of the
flange 110R (that is, at the distal end of the arm 103R).
The hand 120 at the distal end of the flange 110R pivots
about the fifteenth pivot axis Ax15 in conjunction with the
pivotal movement of the flange 110R about the fifteenth
pivot axis Ax15.

[0022] In this embodiment, the arms 103L and 103R
each have seven joints, that is, seven degrees of free-
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dom, which includes one redundant degree of freedom
compared with three translational degrees of freedom
with three rotational degrees of freedom. The degrees of
freedom will not be limited to seven.

[0023] AsshowninFIG. 3B, the second pivot axis Ax2
and the ninth pivot axis Ax9 are offset from the first pivot
axis Ax1 by a length D1, which is oriented in a direction
approximately perpendicular to the installation surface.
That is, the part of the body 102 ranging from the first
joint to the second joint and the ninth joint protrudes hor-
izontally forward relative to the base 101. This results in
a working space below the shoulders 104L and 104R,
and enlarges the movable ranges of the arms 103L and
103R with the body 102 pivoting about the pivot axis Ax1.
[0024] The shape of the upper arm B 106R is set to
ensure that the eleventh pivot axis Ax11 and the twelfth
pivot axis Ax12 are offset from one another by a length
D2 in top view. The shape of the lower arm 107R is set
to ensure that the twelfth pivot axis Ax12 and the thir-
teenth pivot axis Ax13 are offset from one another by a
length D3 in top view. When the arm 103R has such a
posture that the eleventh pivot axis Ax11 and the thir-
teenth pivot axis Ax13 are approximately perpendicular
to one another, the length between the eleventh pivot
axis Ax11 and the thirteenth pivot axis Ax13 is D2+D3.
This ensures that even when the twelfth joint, which cor-
responds to the human elbow, is bent, a large clearance
is left between the lower arm A 107R, which corresponds
to the human lower arm, and the upper arm A 105R and
the upper arm B 106R, which correspond to the human
upper arm. Even when the hand 120 at the distal end of
the flange 110R approaches the body 102, the arm 103R
has an increased operating degree of freedom.

[0025] The above-described structure also applies to
the arm 103L, though not elaborated in FIG. 3B. Specif-
ically, the shape of the upper arm B 106L is set to ensure
that the fourth pivot axis Ax4 and the fifth pivot axis Ax5
are offset from one another by a length D2 in top view.
The shape of the lower arm 107L is set to ensure that
the fifth pivot axis Ax5 and the sixth pivot axis Ax6 are
offset from one another by a length D3 in top view. When
the arm 103L has such a posture that the fourth pivot
axis Ax4 and the sixth pivot axis Ax6 are approximately
perpendicular to one another, the length between the
fourth pivot axis Ax4 and the sixth pivot axis Ax6 is
D2+D3.

[0026] As shown in FIGs. 4 and 5, the hand 120 at the
distal end of the flange 110L includes an air chuck device
121, a pair of longer side gripping members 122, and a
pair of shorter side gripping members 123. The air chuck
device 121 is of known parallel open-close type. The pair
of longer side gripping members 122 correspond to first
gripping members. The pair of shorter side gripping mem-
bers 123 correspond to second gripping members. The
hand 120 is pivotable about the eighth pivot axis Ax8
relative to the distal end of the flange 110L. The eighth
pivot axis Ax8 is approximately perpendicular to the mov-
able plane of the longer side gripping members 122 and
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the shorter side gripping members 123. That s, the eighth
pivot axis Ax8 corresponds to the pivot axis recited in the
appended claims.

[0027] The air chuck device 121 includes an air cylin-
der (not shown), a pair of pistons 124, and a mounting
plate 125. The air cylinder is driven by pressure of com-
pressed air supplied through a pneumatic tube, not
shown. On the mounting plate 125, predetermined de-
vices are to be mounted (examples including, but not
limited to, a bar code reader and a suction pad). The air
cylinder opens and closes the pair of pistons 124 in par-
allel to one another.

[0028] The pair of the longer side gripping members
122 are secured to one side of the pair of pistons 124
(as seen on the rear-right side in FIG. 4 and the right side
in FIG. 5). Specifically, the longer side gripping members
122 have, at their foot ends, flanges 122a that are in-
wardly bent and secured to the one side of the pair of
pistons 124 with bolts (not shown). In conjunction with
the open and close operations of the pistons 124, the
longer side gripping members 122 move close to and
apart from one another within a predetermined movable
range L1. The longer side gripping members 122 move
at the same stroke as the stroke of the pistons 124 (FIG.
5 shows a maximum stroke S). The movable range L1
of the longer side gripping members 122 is the maximum
distance between the longer side gripping members 122
in their fully open state. The minimum distance between
the longer side gripping members 122 in their fully closed
state is L1-2S. The movable range L1 of the longer side
gripping members 122 also corresponds to the longer
sides of the microplate 3. Thus, the longer side gripping
members 122 are capable of gripping the microplate 3
on its longer sides. That is, the longer side surfaces of
the microplate 3 are to be gripped by the longer side
gripping members 122.

[0029] The pair of the shorter side gripping members
123 are secured to another side of the pair of pistons 124
(as seen on the front-left side in FIG. 4 and the left side
in FIG. 5). Specifically, the shorter side gripping members
123 have, at their foot ends, flanges 123a that are out-
wardly bent and secured to the other side of the pair of
pistons 124 with bolts (not shown). In conjunction with
the open and close operations of the pistons 124, the
shorter side gripping members 123 move close to and
apart from one another within a predetermined movable
range L2. The shorter side gripping members 123 move
at the same stroke as the stroke of the pistons 124 (FIG.
5 shows a maximum stroke S). The movable range L2
ofthe shorter side gripping members 123 is the maximum
distance between the shorter side gripping members 123
in their fully open state. The minimum distance between
the shorter side gripping members 123 in their fully closed
state is L2-2S. The movable range L2 of the shorter side
gripping members 123 is different from the movable
range L1 of the longer side gripping members 122. Spe-
cifically, the movable range L2 is narrower than the mov-
able range L1 and corresponds to the shorter sides of
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the microplate 3. Thus, the shorter side gripping mem-
bers 123 are capable of gripping the microplate 3 on their
shorter sides. That is, the shorter side surfaces of the
microplate 3 are to be gripped by the shorter side gripping
members 123.

[0030] The longer side gripping members 122 and the
shorter side gripping members 123 each include, at their
respective distal ends, a contact member 130 to contact
the microplate 3.

[0031] As showninFIGs. 6A, 6B, 6C, 7A, and 7B, the
contact members 130 at the distal ends of the longer side
gripping members 122 each include a main unit 131, a
plate 132, and a rubber 133. The main unit 131 has an
approximately U-shaped cross-section.

[0032] The main unit 131 includes a top plate 131 a, a
bottom plate 131 b, and a side plate 131 c. These plates
define a depression 134 to accommodate the distal end
of each longer side gripping member 122. That is, the
main unit 131 is to face the microplate 3 at the side op-
posite the side of the depression 134 (as seen on the
front side in FIG. 6A, the lower side in FIG. 6B, the upper
side in FIG. 6C, and the left side in FIGs. 7A and 7B).
[0033] The plate 132 is secured to the lower surface
of the bottom plate 131b with two bolts 143. In this re-
spect, the bolts 143 penetrate through the bottom plate
131b and secured in two depressed portions 127 dis-
posed at the distal end side of each longer side gripping
member 122. A saw-edged portion 132a is disposed at
the edge of the plate 132 on the microplate 3 side. When
the longer side gripping members 122 grip the microplate
3, the saw-edged portion 132a bites into the microplate
3. That is, the saw-edged portion 132a is a part of the
contact surface of the contact member 130 in contact
with the microplate 3. It is noted that disposing the saw-
edged portion 132a at the edge of the plate 132 on the
microplate 3 side is equivalent to the saw-edged portion
132a serving a part of the contact surface of the contact
member 130 to contact the microplate 3.

[0034] The rubber 133 is disposed on the side plate
131c on its microplate 3 side. When the longer side grip-
ping members 122 grip the microplate 3, the rubber 133
contacts the microplate 3 with friction. That is, the rubber
133 is also a part of the contact surface of the contact
member 130 in contact with the microplate 3. It is noted
that disposing the rubber 133 on the side plate 131 c on
its microplate 3 side is equivalent to the rubber 133 serv-
ing a part of the contact surface of the contact member
130 in contact with the microplate 3.

[0035] The main unit 131 includes an approximate lon-
gitudinal center portion, at which a pin 140 penetrates
through the top plate 131a, the longer side gripping mem-
ber 122, and the bottom plate 131b. The pin 140 is se-
cured with a bolt 141a at the upper end and with a bolt
141b at the lower end so as to prevent displacement of
the pin 140. This makes the main unit 131 (in other words,
the entire contact member 130) swingable about the lon-
gitudinal center portion. When the main unit 131 swings
about the longitudinal center portion, the bolts 143 also
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swing accordingly. The swing of the bolts 143 is ensured
by the bolts 143 penetrating through the bottom plate
131b and being inserted into the depressed portions 127
of the longer side gripping member 122, as described
above. The longer side gripping member 122 includes
spring receiving depressions 126 on a surface of the dis-
tal end of the longer side gripping member 122. The
spring receiving depressions 126 face the longitudinal
ends of the side plate 131c. The spring receiving depres-
sions 126 receive springs 142 extending across the long-
er side gripping member 122 and the side plate 131c.
The springs 142 exert a bias on the main unit 131 toward
the microplate 3. This makes the longitudinal ends of the
main unit 131 (in other words, the entire contact member
130) biased toward the microplate 3 by the springs 142.
[0036] With the longer side gripping member 122 thus
configured, the contact member 130 at the distal end of
the longer side gripping member 122 operates in the fol-
lowing manner. In the state of the longer side gripping
members 122 not gripping the microplate 3, the main unit
131 is biased at its longitudinal ends, keeping the contact
member 130 approximately parallel to the corresponding
longer side gripping member 122. In the state of the long-
er side gripping members 122 gripping the microplate 3,
the contact member 130 swings about the longitudinal
center portion of the main unit 131 with the saw-edged
portion 132a and the rubber 133 contacting the micro-
plate 3 in a manner accommodating to the shape of the
microplate 3.

[0037] While the above-described contact member
130 is regarding the distal end of each longer side grip-
ping member 122, the same contact member 130 applies
to the distal end of each shorter side gripping member
123. In the case of the contact member 130 at the distal
end of each shorter side gripping member 123, the "short-
er side gripping member 123" replaces the "longer side
gripping member 122" in the above description of the
contact member 130. Accordingly, the contact member
130 at the distal end of each shorter side gripping mem-
ber 123 will not be elaborated here.

[0038] Referring again to FIG. 4, the longer side grip-
ping members 122 and the shorter side gripping mem-
bers 123 each include a curved portion 128 along each
of the longer side gripping members 122 and the shorter
side gripping members 123. The curved portion 128 is
curved such that the contact member 130 is lower than
the curved portion 128 in the direction of height.

[0039] Each longer side gripping member 122 is of the
same structure as the structure of each shorter side grip-
ping member 123. Accordingly, the pair of longer side
gripping members 122 may be used as a pair of shorter
side gripping members if the flange sections 122a are
bent outwardly. The pair of shorter side gripping mem-
bers 123 may be used as a pair of longer side gripping
members if the flange sections 123a are bent inwardly.
[0040] While the above-described hand 120 is regard-
ing the distal end of the flange 110L, the same hand 120
applies to the distal end of the flange 110R. In the case

10

15

20

25

30

35

40

45

50

55

of the hand 120 at the distal end of the flange 110R, the
"flange 110R" and the "fifteenth pivot axis Ax15" respec-
tively replace the "flange 110L" and the "eighth pivot axis
Ax8" in the above description of the hand 120. Accord-
ingly, the hand 120 at the distal end of the flange 110R
will not be elaborated here. That is, the fifteenth pivot
axis Ax15 also corresponds to the pivot axis recited in
the appended claims.

[0041] As has been described hereinbefore, in the ro-
botic system 1 according to this embodiment, the hands
120 at the distal ends of the arms 103L and 103R of the
robot 100 each include the air chuck device 121, the pair
of longer side gripping members 122, and the pair of
shorter side gripping members 123. The longer side grip-
ping members 122 move close to and apart from one
another at the same stroke within the movable range L1,
while the shorter side gripping members 123 move close
to and apart from one another at the same stroke within
the movable range L2 different from the movable range
L1. This ensures a selection as to which of the gripping
members to be used, namely the longer side gripping
members 122 or the shorter side gripping members 123,
the selection being implemented by the pivotal move-
ment of the hands 120 about the rotation axes Ax8 and
Ax15 respectively at the distal ends of the arms 103L and
103R. More specifically, assume that the longer side grip-
ping members 122 are set to move over the wider mov-
able range, while the shorter side gripping members 123
are set to move over the narrower movable range. In this
case, when the microplate 3 is to be gripped in portrait
orientation as seen in FIG. 5, the longer side gripping
members 122 are used, while when the microplate 3 is
to be gripped in landscape orientation as seen in FIG. 5,
the shorter side gripping members 123 are used. When
the hands 120 operate in a strictly limited space within
limited movable ranges, the shorter side gripping mem-
bers 123 are used. When the hands 120 operate in a
spacious place within wide movable ranges, the longer
side gripping members 122 are used. Thus, the single
air chuck device 121 is able to make a selection between
two kinds of gripping members, namely the gripping
members 122 and 123, depending on the size of the ob-
ject to be gripped and on the working environment. This
improves the versatility of the hands 120. To drive the
gripping members 122 and 123 of the hands 120, com-
pressed air is used as a driving source, and this elimi-
nates the need for an additional space that would be nec-
essary in the case of using an electric motor. Additionally,
pneumatic tubes through which to supply compressed
air are thin compared with power cables for electric mo-
tors. Accordingly, thinarms 103L and 103R are ensured,
resulting in a downsized robot 100. Thus, this embodi-
ment ensures a downsized robot 100 and downsized
hands 120 for use in versatile applications.

[0042] Itis particularly noted that in this embodiment,
each hand 120 grips a rectangular microplate 3. Specif-
ically, the movable range L1 of the longer side gripping
members 122 corresponds to the longer sides of the mi-
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croplate 3, while the movable range L2 of the shorter side
gripping members 123 corresponds to the shorter sides
of the microplate 3. Thus, the hands 120 are each capa-
ble of gripping the rectangular microplate 3 on its longer
sides and shorter sides, resulting in improved working
efficiency.

[0043] Itis also particularly noted that in this embodi-
ment, each hand 120 includes the contact members 130
at the distal ends of the longer side gripping members
122 and the shorter side gripping members 123. Each
contact member 130 includes the saw-edged portion
132ao0n a part of the contact surface of the contact mem-
ber 130 in contact with the microplate 3. When the longer
side gripping members 122 and the shorter side gripping
members 123 grip the microplate 3, the saw-edged por-
tion 132a bites into the microplate 3. This ensures a firm
grip of the microplate 3, with minimal dropping and rota-
tion.

[0044] Itis also particularly noted that in this embodi-
ment, the contact member 130 includes the rubber 133
as a part of the contact surface of the contact member
130 in contact with the microplate 3. When the longer
side gripping members 122 and the shorter side gripping
members 123 grip the microplate 3, the rubber 133 caus-
es friction and this eliminates or minimizes dropping and
rotation of the microplate 3. It is also particularly noted
that the contact member 130 according to this embodi-
ment employs both the saw-edged portion 132a and the
rubber 133 on the contact surface of the contact member
130. This ensures that the saw-edged portion 132a bites
into the microplate 3 while the rubber 133 contacts the
microplate 3 with friction. This further effectively elimi-
nates or minimizes dropping and rotation of the micro-
plate 3.

[0045] Itis also particularly noted that in this embodi-
ment, the contact member 130 is swingable about its
longitudinal center portion. The longitudinal ends of the
contact member 130 are biased toward the microplate 3
by the spring 142. In the state of the gripping members
122 and 123 not gripping the microplate 3, the contact
member 130 is biased at its longitudinal ends, keeping
the contact member 130 approximately parallel to the
gripping members 122 and 123. This ensures a reliable
fit with the microplate 3 when the gripping members 122
and 123 grip the microplate 3. In the state of the gripping
members 122 and 123 gripping the microplate 3, the con-
tact member 130 swings to contact the microplate 3 in a
manner accommodating to the shape of the microplate
3. This ensures a flexible grip accommodating to the
shape of the microplate 3.

[0046] It is also particularly noted that in this embodi-
ment, the longer side gripping members 122 and the
shorter side gripping members 123 each include the
curved portion 128 along each of the longer side gripping
members 122 and the shorter side gripping members
123. The curved portion 128 is curved such that the con-
tact member 130 is lower than the curved portion 128 in
the direction of height. This ensures that only the contact
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members of the longer side gripping members 122 and
the shorter side gripping members 123 are to contact the
microplate 3, while the rest components of the longer
side gripping members 122 and the shorter side gripping
members 123 are spaced apart from the microplate 3
and its peripheries (such as the frame of the microplate
3). This keeps the gripping members 122 and 123 from
unnecessarily contacting the microplate 3 and associat-
ed members. This improves working efficiency.

[0047] Modifications will be described below.

[0048] FIG. 8 shows a hand 120 according to a modi-
fication. It should be noted that FIG. 8 shows only the
hand 120 disposed at the distal end of the flange 110L
ofthearm 103L. The hand 120 includes a bar code reader
150 (an identification device), a suction pad 151, and a
vacuum device 152 for the suction pad 151. The bar code
reader 150 is coupled to the mounting plate 125 of the
air chuck device 121 via a supporting member 150a. The
suction pad 151 is coupled to the mounting plate 125 via
a supporting member 151a. The vacuum device 152 is
coupled to the mounting plate 125 via a supporting mem-
ber 152a.

[0049] The bar code reader 150 identifies the micro-
plate 3 when the microplate 3 carries a bar code. Spe-
cifically, the bar code reader 150 optically reads informa-
tion contained in the bar code. The suction pad 151 lifts
by sucking the lid 3b of the microplate 3 (see FIGs. 2A
and 2B).

[0050] The hand 120 is otherwise similar to the hand
120 according to the above-described embodiment.
[0051] As in this modification, providing the mounting
plate 125 of the air chuck device 121 with the bar code
reader 150 ensures identifying the microplate 3 before
gripping it. Providing the mounting plate 125 with the suc-
tion pad 151 and the vacuum device 152 notonly ensures
gripping the microplate 3 with the hand 120 but also en-
sures handling of objects associated with the microplate
3 (such as placing and removing the lid 3b on and off the
microplate 3).

[0052] In this modification, those disposed on the
mounting plate 125 are the bar code reader 150, the suc-
tion pad 151, and the vacuum device 152. This, however,
should not be construed in a limiting sense. The bar code
reader 150 alone may be disposed on the mounting plate
125. Alternatively, the suction pad 151 and the vacuum
device 152 alone may be disposed on the mounting plate
125. Still alternatively, other devices than the bar code
reader 150, the suction pad 151, and the vacuum device
152 may be disposed on the mounting plate 125.
[0053] While in this modification the bar code reader
150 is used as an identification device, this should not
be construed in alimiting sense. The identification device
may be a camera that identifies the microplate 3 by op-
tically reading information contained in a two-dimension-
al code such as a QR code (registered trademark). Al-
ternatively, the identification device may be an IC chip
reader that identifies the microplate 3 by reading infor-
mation contained in an IC chip.
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[0054] In the above-described embodiment and mod-
ification, the robot 100 is a dual arm robot with two arms
103L and 103R. This, however, should not be construed
in a limiting sense. The robot 100 may be a single arm
robot or a robot with three or more arms. These applica-
tions also provide similar advantageous effects to those
in the above-described embodiment and modification.
[0055] While in the above-described embodiment and
modification the microplate 3 is a rectangular object, this
should not be construed in a limiting sense. The target
object to be gripped may be some other rectangular ob-
ject than the microplate 3 (such as a rectangular sub-
strate). Additionally, the rectangular shape should not be
construed in a limiting sense. The target object to be
gripped may be oval, for example, instead of being rec-
tangular.

[0056] Otherwise, the above-described embodiments
and modification embodiment may be combined in any
manner deemed suitable.

[0057] Obviously, numerous modifications and varia-
tions of the present invention are possible in light of the
above teachings. It is therefore to be understood that
within the scope of the appended claims, the invention
may be practiced otherwise than as specifically de-
scribed herein.

Claims

1. A robot comprising: a robot arm; and a robot hand,
at a distal end of the robot arm, configured to grip an
object, characterized in that
the robot hand comprises
an air chuck device comprising:

a pair of pistons each comprising a first side and
a second side; and

an air cylinder configured to open and close the
pair of pistons in parallel to one another;

a pair of first gripping members, at the first side of
the pair of pistons, configured to move close to and
apart from one another within a first movable range
on a movable plane, and

a pair of second gripping members, at the second
side of the pair of pistons, configured to move close
to and apart from one another within a second mov-
able range different from the first movable range on
the movable plane, the robot hand being configured
to pivot relative to the distal end of the robot arm
about a pivot axis approximately perpendicular to
the movable plane.

2. The robot according to claim 1,
wherein the robot hand is configured to grip a rec-
tangular object, and
wherein the first movable range of the pair of first
gripping members corresponds to a longer side of
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the rectangular object, while the second movable
range of the second gripping members corresponds
to a shorter side of the rectangular object.

The robot according to claim 1 or 2, wherein the robot
hand comprises

a first contact member at a distal end of each of the
pair of first gripping members, the first contact mem-
ber being configured to contact the object and com-
prising a saw-edged portion on at least a part of a
contact surface of the first contact member in contact
with the object, and

a second contact member at a distal end of each of
the pair of second gripping members, the second
contact member being configured to contact the ob-
ject and comprising a saw-edged portion on at least
a part of a contact surface of the second contact
member in contact with the object.

The robot according to any one of claims 1 to 3,
wherein the robot hand comprises

a first contact member at a distal end of each of the
pair of first gripping members, the first contact mem-
ber being configured to contact the object and com-
prising arubbermember on atleast a part of a contact
surface of the first contact member in contact with
the object, and

a second contact member at a distal end of each of
the pair of second gripping members, the second
contact member being configured to contact the ob-
ject and comprising a rubber member on at least a
part of a contact surface of the second contact mem-
ber in contact with the object.

The robot according to any one of claims 1 to 4,
wherein the robot hand comprises

a first contact member at a distal end of each of the
pair of first gripping members, the first contact mem-
ber being configured to contact the object and com-
prising a longitudinal center portion about which the
first contact member is swingable and comprising
longitudinal ends biased toward the object, and

a second contact member at a distal end of each of
the pair of second gripping members, the second
contact member being configured to contact the ob-
ject and comprising a longitudinal center portion
about which the second contact member is swinga-
ble and comprising longitudinal ends biased toward
the object.

The robot according to any one of claims 3 to 5,
wherein the pair of first gripping members each com-
prise a first curved portion along each of the pair of
first gripping members, the first curved portion being
curved such that the first contact member is lower
than the first curved portion in a direction of height,
and

the pair of second gripping members each comprise
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a second curved portion along each of the pair of
second gripping members, the second curved por-
tion being curved such that the second contact mem-
ber is lower than the second curved portion in the
direction of height.

The robot according to any one of claims 1 to 6,
wherein the air chuck device comprises a mounting
plate on which to mount at least one of an identifica-
tion device configured to identify the object, a suction
pad, and a vacuum device for the suction pad.

A robot hand pivotably disposed at a distal end of a
robot arm so as to grip an object, characterized by
an air chuck device comprising:

a pair of pistons each comprising a first side and
a second side; and

an air cylinder configured to open and close the
pair of pistons in parallel to one another;

a pair of first gripping members, at the first side of
the pair of pistons, configured to move close to and
apart from one another within a first movable range;
and

a pair of second gripping members, at the second
side of the pair of pistons, configured to move close
to and apart from one another within a second mov-
able range different from the first movable range.
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